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Abstract. We examine the problems of integrating issues of sustainability
within the mainstream curriculum of university mathematics, taking our cue
from the discussion at the Johannesburg Earth Summit. Our approach to the
problem is to synthesise various strands of our research programme, combining
information about lecturers' conceptions of sustainability in the curriculum,
children's notions about environment, and students' ideas about the nature of
mathematics. We suggest ways in which university mathematics teachers can
provide a quality learning experience for their students that includes notions
of sustainability within the mathematical context, without compromising the
mathematical content of their courses.
1. Introduction
Between the Warthog Delta conference in 2001 and the Remarkable Delta con-
ference in 2003, an important event has taken place. At the Johannesburg Earth
Summit in September 2002, recognising the vital importance of education for sus-
tainable development, a plea was made to the academic community to integrate
issues of sustainability within mainstream curriculum in order to prepare students
for the needs of the Earth in the twenty-first century. Some of the relevant recom-
mendations published in the report [18] are:
1. 'liVe,the representatives of the peoples of the world, assembled at the World
Summit on Sustainable Development in Johannesburg, South Africa, from 2
to 4 September 2002, reaffirm our commitment to sustainable development.
5. Accordingly, we assume collective a responsibility to advance and strengthen
the interdependent and mutually reinforcing pillars of sustainable development-
economic development, social development and environmental protection-at
the local, national, regional and global levels.
11. We recognise that poverty eradication, changing consumption and pro-
duction patterns and protecting and managing the natural resource base for
economic and social development are overarching objectives of and essential
req uirements for sustainable development.
116. Education is critical for promoting sustainable development.
121. Integrate sustainable development into educational systems at all levels
of education in order to promote education as a key agent for change.
124 Support the use of education to promote sustainable development, in-
cluding ... (d) recommend to the United Nations General Assembly that it
consider adopting a decade of education for sustainable development, starting
in 200.5.
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136 PETER PETOCZ AND ANNA REID
Most universities in the 'Western World are signatories to agreements that express
their commitment to the notion of sustainable development: for example, the Uni-
versity of Technology, Sydney (UTS) signed the Talloires Declaration in 1998 [15],
and on the basis of that, developed a "Sustainability Policy" [19]:
UTS notes with concern the growing body of evidence indicating that human
activities are threatening the life support systems on Earth. The composi-
tion of the atmosphere is being altered, soils are being lost, species are being
threatened or extinguished at an accelerated rate, and air and water are being
polluted. These changes, together with massive upheavals in world economies,
are challenging ecological integrity, social stability, economic security, cultural
diversity and human rights. The University recognises a special responsibility
to apply its intellectual resources to ameliorating, even reversing, these trends
by identifying, verifying and promoting policies, mechanisms and procedures
which lead to sustainability in all aspects of human endeavour. This means
that the University will ensure that in its curricula, teaching practices, research
and consulting, community service activities, institutional practices, emphasis
will be given to ensuring that UTS demonstrates and promotes the achieve-
ment of sustainable futures embracing ecological, economic and social aspects
of human existence.
Such commitments have often led to peripheral improvements such as the green-
ing of university campuses, or to more substantial improvements such as the setting
up of institutes or departments that focus on the problems of sustainability (UTS
has the Institute for Sustainable Futures and Macquarie University, Sydney has
a Graduate School of the Environment). However, it seems harder to actually
integrate issues of sustainability into all aspects of the institutional practices of
universities, and particularly the curriculum.
In an area such as mathematics, it seems difficult to conceive of how this could
be done, a view that is supported by the paucity of available discussion and mate-
rials. Even a search of the internet reveals the dimensions of the problem. Looking
for "mathematics" and "sustain ability" (using Google) results in almost 60,000
documents, mostly syllabuses from educational institutions in which courses in sus-
tainability and courses in mathematics are listed. There is only a very small number
of documents talking about the incorporation of sustainability into the mathemat-
ics curriculum. As an example, here is the (complete) section on mathematics from
a guide for "integrating environmental responsibility into curricula" developed at
another Australian university [6]:
Matliematics: Understanding, estimating and calculating using contemporary
environmental data and environmental trends and developments. Developing
mathematical skills using case studies from the local environment. Surveying
a range of mathematical models used by industry and government in the es-
timation of environmental impacts. Example: According to [one lecturer at]
UNSvV, "I already teach the fundamental sustainability issue whenever I teach
first-year mathematics. Basically, the issue is that exponential growth is not
sustainable in any finite system. Really, that is the fundamental point. The
point is well illustrated and expanded on by considering various models for
population growth." (p. 29)
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Another example is a recent survey of education for sustainability [17], whose
only substantive reference to mathematics is to a statement from the (US) National
Commission on Mathematics and Science Teaching for the 21 st Century:
The future well-being of the United States and it people depends not just on
how well its children are educated generally, but on how well they are educated
in mathematics and science specifically. From mathematics and the sciences,
the commission argued, will come the products. services standard of living.
and economic and military security that will sustain the country at home and
around the world - reflecting the world view that all problems are amenable
to technical solutions and that one country must maintain an economic and
military superiority over other countries. (p. 190)
2. What is Sustainability?
The survey in the previous section prompts us to consider the question "What
is sustainability or sustainable development?" and in particular- from our point
of view-"How is it viewed by academics and their students?" The official and
institutional definitions are contained in the quotations above: paragraph 5 of the
Earth Summit report, and the first paragraph of the UTS Sustainability Policy point
to the environmental, economic and social aspects of the notion of sustainability.
As part of a recent study funded by Environment A ustralia, we have found that
academics in a wide range of subject areas (including mathematics) understand the
ideas of sustainability in the curriculum in a variety of different ways [16]. The
context of the study is a series of interviews with university academics involved in
teaching at the postgraduate level, asking them a series of questions about sustain-
ability and their teaching. The transcripts of the interviews were analysed using
a phenomenographic approach [9], focusing on the critically different aspects of
people's views in a particular situation. It is these differences that make one way
of seeing a phenomenon such as sustain ability qualitatively different from another.
We isolated two important dimensions. Teaching (in the context of sustainabil-
ity) describes the actions and aspects that the academics have control over. There
are three qualitatively different conceptions, listed here from the narrowest to the
broadest:
• Disparate-teaching and sustainability are seen as two completely unre-
lated ideas: teaching focuses on content of subject and "covering" a syl-
labus, sustainability is seen as keeping something going, or the "green"
approach.
• Overlapping-the notion of sustainability overlaps to an extent with the
activity of teaching: teaching is seen as ensuring that students understand
the substantive content of the course; teachers see that specific ideas such
as environmental or cultural sustainability can be incorporated in their
teaching (as examples) but only to the extent that the situation allows.
• Integrated-sustainability in all its guises is an essential component of
teaching; teaching is seen as encouraging students to make a personal com-
mitment to the area represented by course content. incorporating the notion
of sustainability.
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Sustainability (in the context of teaching) describes the ideas or thinking (rather
than actions) that academics could have. Again, there are three qualitatively dif-
ferent conceptions, listed from narrowest to broadest:
• Distance-sustainability is approached via a definition, maybe a dictionary
definition of "keeping something going", but essentially to keep the concept
at a distance and avoid engagement with it.
• Resources-sustainability is approached by focusing on various resources,
either material resources (minerals, water, soil), or biological (fish, crops),
or human (minority languages, populations, economies).
• Justice-sustainability is approached by focusing on the notion of "fairness"
from one generation to the following one, or even within one generation;
the idea is that sustainability can essentially only happen under these con-
ditions.
In each dimension, the conceptions are hierarchical; lecturers whose characteris-
tic approach to sustainability was via the broader conceptions were also aware of
the features of the narrower, more atomistic conceptions, and were able to use them
when necessary in their discussions. However, this was not the case in the other
direction; those lecturers who thought of sustainability using the narrower concep-
tions gave no indication of being able to use the broader, more holistic conceptions.
It is in this sense that the narrowest conceptions are described as "limiting" and
the broadest conceptions as "expansive". Such information is vital for addressing
problems of sustainability in an educational setting. Institutional policy is imple-
mented by individual academics, who work to incorporate ideas of sustainability
and sustainable development into their teaching and help students develop an ap-
preciation of the issues. The approaches identified in this study are presently being
used to inform an action research project investigating ways in which academics
can do this.
Further studies are needed to examine how students view idea of sustainabil-
ity, and what effects these views have on their learning. In one component of
sustainability-the notion of environment-we have described an important quali-
tative difference between conceptions that focus on the environment as an object, a
place possibly including living things and even people, and conceptions that focus
on the relation between people and the environment, whether environment sustain-
ing people, or people caring for the environment, or a combination of both ideas [7].
The conceptions were isolated in the context of a large survey b of school children's
ideas about the environment. Statistical analysis revealed that only a minority
of children (about 1 in 8) held a "relation" conception, and that primary school
children were between five and six times as likely as high school children to hold a
"relation" rather than an "object" conception of environment [8]. These findings
present a disturbing picture of the effects of current efforts in environmental educa-
tion, quite at odds with the hopes espoused at the Earth Summit, and imply that
other aspects of education in sustainability are also likely to need attention.
3. What is Mathematics?
Our discussion now moves to mathematics. In order to plan more effective cur-
riculum in mathematics that incorporates issues of sustainability, it seems impor-
tant to examine students' and lecturers' ideas of the nature of their subject. We are
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presently carrying out a research project investigating mathematics students' ideas
about mathematics and working as professionals in the mathematical sciences, and
the impact of these ideas on their learning of mathematics. An initial report on the
findings is presented in another paper in this journal [14]. A phenomenographic
analysis of the transcripts of interviews with 22 undergraduate students majoring
in the mathematical sciences revealed three qualitatively different conceptions of
mathematics, which we have arranged from the narrowest and most limiting to the
broadest and most holistic view:
• Components-here, students see mathematics as made up of individual
components; they focus their attention on disparate mathematical activities
or aspects of mathematics, including the notion of calculation, interpreted
in the widest sense; nevertheless, these components are viewed as part of
a mathematical investigation, for instance, the statistical components of a
census of population.
• Models-t-here, students see mathematics as being about building and us-
ing models, translating some aspect of reality into mathematical form; in
some cases, such models are representations of specific situations, such as
a production line; in other cases, the models are universal principles, such
as the law of gravity.
• Life---here, students view mathematics as an approach to life and a way
of thinking. They believe that reality can be represented in mathematical
terms and their way of thinking about reality is mediated by mathematics.
They make a strong personal connection between mathematics and their
own lives.
We carried out an earlier investigation into students' conceptions of statistics,
a component of our mathematics degree, and a possible area of specialisation for
them [13]. In this area, we found a conception of statistics (and hence of an area
of mathematics) that we would place before the first conception (Components) in
our list.
• Techniques-here, students focus on mathematics or statistics as consisting
of isolated mathematical or statistical techniques, without any connection
between the techniques and their meaningful use in mathematical or sta-
tistical problems.
This is supported by the results of an earlier study of first-year students who were
for the most part not planning to major in mathematics [2], although the authors
described their narrowest conception as "numbers, rules and formulae". Again,
the conceptions are hierarchical: the narrowest conceptions are limiting precisely
because they result in a student approaching mathematics by focusing only on its
techniques or components. The broadest conceptions are expansive, in that they
allow students to look at mathematics using the full range of approaches, including
techniques and components, the notion of modelling, and the idea that mathematics
is an holistic approach to life in general.
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These investigations report on students' ideas about mathematics, essential knowl-
edge for developing mathematics curriculum that incorporates notions of sustain-
ability. However, it is important to note that professional mathematicians, statis-
ticians and academics in these fields express views that are broadly consistent with
those of students [5, 13], and this seems true of other subject areas [12].
4. What is Sustainability in Mathematics?
Having described the various conceptions of sustainability and of mathematics,
in their nature limited or expansive, we can now address the problem of integrating
issues of sustainability within mainstream curriculum in mathematics. Essentially,
our approach is to look at the possibilities afforded by the various levels of concep-
tions of sustainability and mathematics. At this stage, we move into speculation,
however, this speculation is supported by a small number of interviews addressing
issues of sustainability with mathematics lecturers, and a large amount of experi-
ence with our own and our colleagues' teaching of mathematics. It becomes obvious
that the narrowest conceptions of both areas limit the opportunities for incorpo-
rating sustainability in mathematics classes, while the broadest conceptions allow
scope for a whole range of opportunities.
If a student of mathematics holds a narrow conception of mathematics as "tech-
niques" or "components", they will focus their study of mathematics on acquiring,
practicing and perfecting such techniques or components. If a teacher or lecturer
views mathematics in this way, they will spend their mathematics classes on "drill
and practice" of basic techniques, an approach that can sound more familiar from
discussions of school mathematics or "servicing" mathematics classes. However, it
is also the guiding principle behind concern over "covering" a syllabus and mak-
ing sure that students are able to reproduce the material (in an examination, for
instance). The corresponding approach to sustainability is likely to be "distance",
avoidance of engagement with ideas that seem to be "disparate", unconnected with
the mathematics. Lecturers may acknowledge the importance of sustainability but
maintain that it should be 'taught' somewhere else, and not in their own lectures and
tutorials where it will take valuable time away from the real mathematics. Students
will agree, and encourage their lecturers to focus on material that is "assessable" or
"on the examination". This is a familiar cluster of views about mathematics and
its relationships with other areas of learning and with life in general.
If a student views mathematics as "models" , the second conception that we have
described, they will necessarily engage with various aspects of the reality around
them, building and using mathematical models of this reality. Then there is scope
for a lecturer to use an "overlapping" approach to teaching sustainability in a math-
ematical context, focusing the notion of sustainability on "resources", which pro-
vides a large source of examples and models that can be examined mathematically.
Thus, at this second level, students can examine issues of sustainability of (say)
biological populations by looking at mathematical population models ranging from
a model of exponential growth to complex models of interaction between predators
and their prey. Students will be interested to see applications of the mathematics
that they are studying, and will be encouraged to discuss ideas of sustainability in
the context of the mathematics they are learning.
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One example is a group assignment (1-3 students) set by one of our colleagues
(Leigh Wood) in a course on differential equations:
Assignment: Investigate and summarise models using first-order systems for
the interaction between two species. It is expected that you will find at least
eight models. Each model could contain: historical note. applications, equa-
tions and explanation of terms, phase portrait. judgement of the value of the
model. Prepare a poster to present your findings to the rest of the class.
The assignment stimulated substantial interest in the topic, including the eco-
logical as well as the mathematical aspects, and when the resulting posters were
displayed around the department they were read by other students and staff. The
explicit marking criteria included aspects of the mathematics, presentation of the
poster, originality and discussion of the broader context of each example.
A second example is another group assignment set by one of the authors in his
course on regression analysis. Students were asked to examine a set of economic
data published by The Economist on 45 world cities, giving the cost (in minutes of
labour) of a Big Mac and various other economic indicators (including a primary
teacher's salary and tax rate). The final part of the question asked students to
write a short summary of their findings for the university magazine. One group of
students wrote this as part of their response:
One student who assisted with the assignment commented: "A person would
have to work just over two hours in Lagos to buy a Big Mac. If the average
wage in Australia was $10 then relatively a Big Mac would cost over $20.
That's incredible. You might as well eat a Big Mac with a knife and fork at
that price. What would have to be the state of the country for a person's
income to be so low? Poverty is widespread and an ever increasing concern for
all of us." The assignments done by the students enabled them to see outside
their own country and analyse the situations of other countries in depth.
A third example concerns a series of projects in mathematics used as learning
materials in preparatory courses [10]. The projects focus on various topics in
mathematics, and allow groups of students to investigate areas of interest to them.
Here is what one student wrote in her "reflections" on her study of the Greenhouse
effect:
The reason I selected this project initially was simply due to my genuine in-
terest and concern in our changing environment. I was further drawn to this
option as I was most curious to know how mathematics came into the Green-
house equation. I must say that I got a lot more than I bargained for. As
interesting as it was to learn more about greenhouse gases, the most satis-
faction came from learning so much more about the importance and value of
maths. . But obviously, the bottom line is moderation, and this does rely
quite a lot on the human race. Educating people seems the best solution. Per-
haps showing society these mathematical figures achieved in the project may
open their eyes: they've cert.ainly opened mine.
This example (and the previous ones) shows that it is quite possible to incor-
porate notions of sustain ability into mathematics courses without compromising
the mathematical content. Indeed, it seems that such examples can enhance our
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students' understanding of and connection with the mathematics that they are
studying.
If a student views mathematics as an approach to life and a way of thinking, the
broadest and most holistic conception that we found in our interviews, then they
will already be making a strong personal connection between mathematics and as-
pects of their own lives. They will need little encouragement from their teachers to
include ideas of sustainability in this connection between their academic study and
their view of the world. Lecturers can present a holistic approach to mathematics,
coupled with an "integrated" approach to sustainability, including notions of "jus-
tice" as well as "resources" (using the hierarchical nature of the conceptions). In
the first instance, this can be done by extending the use of mathematical models
to a wider range of situations, and highlighting aspects of sustainability in as many
of these situations as possible. The cumulative effect of such an approach in a
particular subject, or even a whole mathematics course, can be dramatic.
Sometimes, though, it seems necessary to move beyond this and acknowledge
that the mathematics itself takes second place to important aspects of our and our
students' lives. Galpin [4] discusses the problem of teaching statistics in a con-
text where a substantial proportion of her students are likely to be infected with
HIV / AIDS, and those that aren't are quite likely to become infected unless they
take precautionary measures. In such a situation, it seems much more important
to discuss topics in statistics related to AIDS, and investigate official government
statistics (and their reliability) than to continue through the usual sequence of sta-
tistical topics. Other examples of such an approach in the context of ethnomathe-
matics [3] and peace education [1] show that a coherent approach to mathematics
can be presented from a social justice perspective.
5. Conclusion
We have argued that the broader and more holistic conceptions of mathematics
allow room for integration with the broader conceptions of sustainability, while the
narrower and more atomistic conceptions seem to preclude any serious engagement
with the ideas. Happily, there is evidence that students' conceptions of a subject
can be broadened by appropriate pedagogy [11, 13]. It is obviously important
to develop learning environments that encourage students to use the broader con-
ceptions, and to look for meaning in the mathematics and relate this meaning to
their own personal situations. It is also true, however, that a limiting approach to
pedagogy can also encourage students with broader, more holistic conceptions to
engage with their course of study using a more limiting approach. This can happen,
for example, in mathematics subjects where the assessment (which can include an
examination) concentrates on the memorisation and reproduction of theorems and
proofs, without any attempt at assessing students' deeper understanding.
To conclude, here is a quote from a student who does seem to hold the broadest
conception of mathematics, as a way of thinking and an approach to life. His view
of mathematics comes across clearly, despite the obvious fact that he is (at least)
bilingual:
Joseph: Some students are very hate the mathematics, you know, some stu-
dents love the mathematics, because you have to use your brain all the time,
you know, to solve the problem, Anyway if you want to solve any problem,
WHAT ON EARTH IS SUSTAINABILITY 1;\1MATHEMATICS? 143
anyway you have to use your brain, if you didn't use your brain for a long
time, so its difficult to solve any problems. So that's why I enjoy then us-
ing my brain all the time, that's why I love mathematics, because if you do
mathematics, you have to use your brain all the time, all the time .... Yeah,
so if you have like problem in your family, or in your friends or something
like that, you have to use your brain how to solve this problem. I have a lot
of experience in solving the problem, because I love mathematics very, very
much, that's why I always enjoy to do mathematics questions, it's like chess
playing, I want to use my brain all the time, and then if I have a problem with
my family or with my friend or with whatever, I can use my brain how to solve
that problem, systematically. So that benefit come from, I think that benefit
come from mathematics, you know, because if you use your brain all the time,
it's very good.
If Joseph can view mathematics as a way of solving problems with his family or
friends, systematically, then it seems possible to extend his approach to solving a
broader range of problems, even those involving the planet, and to incorporate the
broadest ideas of sustainability in his study of mathematics.
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Preface
The Remarkable Delta03 conference is co-hosted by the Department of Math-
ematics and Statistics of the University of Otago and the Department of Mathe-
matics and the Department of Statistics of the university of Auckland. Delta03 is
backed by an International Steering Committee made up of representatives from
the Southern Hemisphere countries of Argentina, Australia, New Zealand, South
Africa, and Uruguay. This steering committee currently consists of: Derek Holton
(New Zealand, Chair), Nestor Aguilera (Argentina), Pat Cretchley (Australia), Jo-
hann Engelbrecht (South Africa), Victor Martinez Luaces (Uruguay), Jan Persens
(South Africa), Ivan Reilly (Xew Zealand) and Christina Varavsky (Australia).
This Conference is the fourth in a series of conferences on the undergraduate
teaching and learning of Mathematics and Statistics, as part of a collaboration
between Southern Hemisphere countries. The first conference, Delta97 (delta im-
plying change) was held in Brisbane, Australia, in November 1997. The second
conference. Delta99, took place in November 1999 at Laguna Quays, Queensland,
Australia. The third conference, Warthog Delta01, was held in Kruger National
Park. South Africa, in July 2001. The Delta conferences take place biennially. and
the next one, Delta05, will probably be in Australia.
The theme for Delta97 was What Can We Do to Improve Learning?, for Delta99
it was The Challenge of Diversity, and for DeltaOl it was Gearing for Flexibility.
For Delta03 the theme is From all Angles.
The 120 delegates, attending from 12 different countries worldwide, are respon-
sible for about 80 contributed presentations, panel discussions and round table dis-
cussions. The conference has two publications: the Proceedings, consisting of peer
reviewed research papers, and the Communications (subject to editorial scrutiny)
largely comprising reports on teaching experiences and research in progress.
We believe that the deliberations at this meeting will influence the course of
future tertiary mathematics and statistics education worldwide. It is broadly ac-
cepted that skills and training in the quantitative sciences will be crucial to success
in the future. Thus our belief is that this meeting will be one of the most important
of 2003.
Our thanks to the group who worked on editing, compiling and producing this
issue of the Proceedings, especially to, Mike Thomas, Greg Oates, Olita Moala,
Betty Fong and Philip Sharp.
All papers in these Proceedings have been subject to the normal process of jour-
nal peer review, including the papers from the two plenary speakers who chose to
submit a paper. In all 57 papers were submitted to the conference for considera-
tion as full papers, and only the 22 that were accepted as full papers appear in this
volume.
All opinions expressed herein are those of the authors themselves, and not nec-
essarily of the Delta03 organising committee.
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